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,QWURGXFWLRQ
=Q2 LVDQQW\SHVHPLFRQGXFWRUR[LGHZLWK ODUJHEDQGJDSDQGH[FLWRQELQGLQJHQHUJLHV >@ ,W UHFHLYHGPRUH
LQWHUHVWWRDSSO\LQJDVVHQVLQJIRULWVKLJKVHQVLWLYLW\HQYLURQPHQWDOVWDELOLW\VLPSOHGHVLJQQRQWR[LFLW\DQGORZ
FRVW,QDGGLWLRQ=Q2LVVHQVLWLYHWRYDULRXVW\SHVRIJDVHVDWUHODWLYHO\KLJKWHPSHUDWXUH7KHPDLQGLVDGYDQWDJHRI
=Q2DVDJDVVHQVRULVWKHKLJKRSHUDWLQJWHPSHUDWXUH>@2SHUDWLQJDWKLJKWHPSHUDWXUHVPD\FDXVHDGKHVLRQDQG
VWUXFWXUDOGDPDJHGZKLFKOHDGVWRVHQVRULQVWDELOLW\DQGUHVSRQVHYDULDWLRQ6\QWKHVLVJDVVHQVRUVRSHUDWHGDWORZ
WHPSHUDWXUHV LVGHPDQGHGUHFHQWO\GXHWRUHGXFWLRQLQUHTXLUHGSRZHUNHHSWKHVHQVRUVWUXFWXUHDQGGHFUHDVHWKH
GDQJHURXVRIH[SORVLYHJDVHVGHWHFWLRQ
6LQFH LQFUHDVLQJ WKH VXUIDFH DUHD RI WKH VHQVLQJ PDWHULDOV UDLVHV WKH DGVRUSWLRQ VLWHV RI VXUURXQGLQJ JDVHV
WKHUHIRUH V\QWKHVLV PDWHULDOV ZLWK KLJK VXUIDFH DUHD PD\ HQKDQFH WKH VHQVLQJ SHUIRUPDQFH DV ZHOO UHGXFH WKH
RSHUDWLQJ WHPSHUDWXUH >@5HFHQWO\=Q2QDQRSRURXV VWUXFWXUHKDV LQYROYHG H[WHQVLYH LQYHVWLJDWLRQVGXH WR WKHLU
XQLTXHODUJHVXUIDFHDUHDVDQGKLJKVXUIDFHWRYROXPHUDWLR>@
,QWKLVZRUNZHUHSRUWWKHXVHRI=Q2QDQRSRURXVVWUXFWXUHDVHWKDQROJDVVHQVRU7KHVDPSOHZDVV\QWKHVL]HG
XVLQJPLFURZDYHPHWKRGZKLFKLVFKHDSIDVWDQGUHOLDEOHFRPSDUHGZLWKFRQYHQWLRQDOPHWKRGV
0DWHULDOVDQGPHWKRGV
,QWKHSUHVHQWVWXG\DQRYHOPLFURZDYHPHWKRGZDVXVHGWRJURZ=Q2QDQRSRURXVVWUXFWXUHDVPHQWLRQHGHDUOLHU
LQ RXU SUHYLRXVZRUN >@$Q DOXPLQXP OD\HU RI QPZDVGHSRVLWHG RQ D VXEVWUDWH7KHQ D WKLQ OD\HU RI=Q2
QDQRSDUWLFOHVZDV VSLQ FRDWHG RQ FRDWHG VXEVWUDWH VXUIDFH IROORZHG E\  DQQHDOLQJSURFHVV DW  & IRU  K$Q
DTXHRXV JURZWK VROXWLRQ WKDW FRQWDLQ HTXLPRODU RI  0 ]LQF QLWUDWH KH[DK\GUDWH  $OGULFK DQG
KH[DPHWK\OHQHWHWUDPLQH  $OGULFK ZDV XVHG IRU JURZWK SURFHVV 7KH VDPSOHV ZHUH WUDQVIHUUHG WR D
FRPPHUFLDO 0: RYHQ 6KDUS PRGHO 57 XQGHU LUUDGLDWLRQ SRZHU RI : IRU  PLQ 7KH VDPSOH ZDV
FKDUDFWHUL]HG XVLQJ ; UD\ GLIIUDFWLRQ ;5' ILHOG HPLVVLRQ VFDQQLQJ HOHFWURQ PLFURVFRS\ )(6(0 DQG;UD\
SKRWRHOHFWURQ VSHFWUD ;36 $;,6 8/75$ IURP .UDWRV *DV VHQVLQJ SURSHUWLHV ZHUH WHVWHG XSRQ  SSP
HWKDQROLQWKHUDQJHRIWHPSHUDWXUHRIWRDVPHQWLRQHGLQRXUHDUOLHUZRUN>@
5HVXOWDQGGLVFXVVLRQ
)LJ  VKRZV WKH;5' VSHFWUDRI=Q2QDQRSRURXV=Q2ZLWKSUHIHUUHG RULHQWDWLRQ DORQJ ZDV REWDLQHG
:XUW]LWH=Q2FU\VWDOJURZVSUHIHUHQWLDOO\DORQJ>@GLUHFWLRQGXHWRWKHORZHVWVXUIDFHHQHUJ\RIIDFHW>@
7KHDOXPLQXPSUHVHQFHRQWKHVXEVWUDWHVKRXOGEHWKHUHDVRQEHKLQGWKHLQKLELWLRQRIJURZWKDORQJ>@GLUHFWLRQ
ZKLFKOHDGVWRFKDQJLQJWKHRULHQWDWLRQRI=Q2FU\VWDO$OWKRXJKWKHVXEVWUDWHZDVFRDWHGZLWKQPRIDOXPLQXP
QRVLJQLILFDQWSHDNVZHUHGHWHFWHGIURPDOXPLQXPVXJJHVWLQJWKDWWKHDOXPLQXPZHUHGLVVROYHGLQWKHVROXWLRQWR
IRUPWKHSRURXVVWUXFWXUH
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)LJ;5'VSHFWUDRI=Q2QDQRVWUXFWXUHSUHSDUHGXVLQJPLFURZDYHSRZHURI:ZLWKJURZWKWLPHRIPLQ
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7KHVXUIDFHPRUSKRORJ\DQGVLGHYLHZRIWKHVDPSOHZHUHSUHVHQWHGLQ)LJ7KHWRSYLHZRIWKHPLFURJUDSKV
FOHDUO\FRQILUPHGWKDW=Q2QDQRSRURXVVWUXFWXUHVKDYHJURZQRQWKHVXEVWUDWHVXUIDFH:KLOHWKHVLGHYLHZVKRZHG
IODNHOLNHVWUXFWXUHVZLWKKHLJKWDURXQGQP7KHQPWKLFNQHVVQDQRIODNHVFRQQHFWHGZLWKHDFKRWKHUWR
IRUPSRURXVVWUXFWXUHZLWKVL]HDURXQGP$OWKRXJKWKHQDQRIODNHVZHUHJURZQLQDODUJHVL]HLWVWKLFNQHVV
ZDVYHU\ILQHZKLFKLQFUHDVHWKHVXUIDFHWRYROXPHUDWLRRIWKHQDQRIODNHVDQGOHGWRKLJKVXUIDFHDUHD,WLVFOHDU
WKDW WKH DOXPLQXPPRGLILHG WKH=Q2PRUSKRORJ\ DQG VWLPXODWHG WKH JURZWKRI IODNHV E\SURKLELWLQJ WKH JURZWK
DORQJ>@GLUHFWLRQDVLW¶VFOHDUIURPWKH;5'UHVXOWV



)LJ)(6(0LPDJHRI=Q2QDQRSRURXVDUHSUHVHQWHGWKHWRSYLHZDQGELVWKHFURVVVHFWLRQLPDJHFDQGGLVWKHFRUUHVSRQGLQJKLJK
UHVROXWLRQLPDJHVIRUWKHXSSHUSDQHO
6XUIDFHFKHPLFDOFRPSRVLWLRQVRIWKH=Q2QDQRSRURXVVWUXFWXUHZHUHFKDUDFWHUL]HGXVLQJ;36DQDO\VLV%LQGLQJ
HQHUJLHVDUHFDOLEUDWHGZLWKUHVSHFWWRWKHVLJQDOIRUDGYHQWLWLRXVFDUERQH97KHZLGHVFDQRI;36VSHFWUXP
IRU =Q2 QDQRSRURXV VWUXFWXUH LV VKRZQ LQ )LJ  7KH ;36 VSHFWUXP JHQHUDOO\ H[KLELWHG WZR PDLQ SHDNV RQH
LQWHQVHSHDNUHODWHGWR=QSDWELQGLQJHQHUJ\RIH9DQGWKHVHFRQGWR2VDWH9$QDGGLWLRQDOVPDOO
SHDNUHIHUUHGWR&VDWH9ZKLFKLVEHORQJLQJWRHQYLURQPHQWDOFRQWDPLQDWLRQ
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)LJ5RRPWHPSHUDWXUH;36VSHFWUDZLGHVFDQIRU=Q2QDQRSRURXV
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7RGHPRQVWUDWHWKHVLJQLILFDQWFKDQJHVLQWKHPDLQ;36SHDNVH[WHQVLYHVWXGLHVZHUHFRQGXFWHGE\QDUURZVFDQ
IRU WKHVH SHDNV )LJ  VKRZV WKH=QS IRU=Q2QDQRSRURXV7KH=Q S DQG=Q S SHDNV DUH ORFDWHG DW
DQGH9UHVSHFWLYHO\ZLWKDVSLQRUELWVSOLWWLQJLVH9












)LJ5RRPWHPSHUDWXUH;36VSHFWUDFRUUHVSRQGLQJWRWKH=QSFRUHOHYHOVRI=Q2QDQRSRURXV
)LJUHSUHVHQWVWKHQDUURZVFDQUHFRUGHGIURP2UHJLRQIRU=Q2QDQRSRURXV7KH2V;36VSHFWUDFRQVLVWRI
WKUHH SHDNV ORFDWHG DW   DQG  H9 7KH ILUVW SHDN DW  H9 LV FRUUHVSRQGLQJ WR =Q2 ODWWLFH
2ØLQWULQVLFDOIURP2=QERQG>@7KHVHFRQGSHDNDWH9FRUUHVSRQGVWR WKHR[\JHQGHILFLHQWRUR[\JHQ
YDFDQFLHV29>@7KHODVWSHDNDWKLJKHUELQGLQJHQHUJ\H9FRUUHVSRQGVWR2+ERQG>@7KLVLVGXHWRWKH
IRUPDWLRQRI=Q±2+ERQGVE\WKHK\GUR[\OJURXSVZKHQWKH=Q2VXUIDFHH[SRVXUHWRDLU
7KHLQWHQVLW\RI2=QSHDNLVWKHORZHVWDPRQJRWKHUSHDNV7KHSHDNRULJLQDWHGIURPR[\JHQYDFDQFLHVKDVWKH
KLJKHVWLQWHQVLW\)XUWKHUPRUHWKHFKHPLVRUEHGSHDN=Q±2+LVDOVRKLJKHUWKDQ2=QSHDN7KLVUHVXOWLQGLFDWHG
WKDW WKHSUHSDUHG=Q2QDQRSRURXVVWUXFWXUHLVULFKZLWKWKHDFWLYHVLWHVRQWKHVXUIDFHZKLFKSURPRWHWKHR[\JHQ
FKHPLDGVRUSWLRQWKXVHQKDQFHWKHFKHPLFDOUHDFWLRQDFWLYLW\RIWKHVXUIDFH

)LJ;362VFRUHOHYHOVVSHFWUDRI=Q2QDQRSRURXVVWUXFWXUHDWURRPWHPSHUDWXUH
7RJHWWKHRSWLPXPRSHUDWLQJWHPSHUDWXUHWKHVHQVLWLYLW\PDJQLWXGHRIWKHVHQVRUWRZDUGSXUHGU\DLUDQG
SSPHWKDQROYDSRUZHUHLQYHVWLJDWHG7KHH[SHULPHQWZDVFRQGXFWHGDWGLIIHUHQWWHPSHUDWXUHVR&WRR&DQG
WKH UHVXOWVZHUHSUHVHQWHG LQ)LJ$W URRPWHPSHUDWXUH WKH=Q2QDQRSRURXVVWUXFWXUHH[KLELWHG ORZVHQVLWLYLW\
ORZHVW WKDQ7KLVFRXOGEHDWWULEXWHG WR WKHKLJKUHVLVWLYLW\DW ORZ WHPSHUDWXUHGXH WR ORZHOHFWURQPRELOLW\
7KH VHQVLWLYLW\ LPSURYHGZLWK LQFUHDVLQJ WKHRSHUDWLQJ WHPSHUDWXUHXS WRDW& WKHQ LW UHGXFHG WR ORZHU
WKDQDWKLJKHUWHPSHUDWXUH5HODWLYHO\WKHUHGXFWLRQRIUHVLVWDQFHLQJDVLVJUHDWHUWKDQWKDWLQDLU7KXVDVPDOO
HQKDQFHPHQWLQVHQVLWLYLW\ZDVREVHUYHG7KHVHQVLWLYLW\LPSURYHPHQWFRQWLQXHGDVWHPSHUDWXUHLQFUHDVHGXQWLOWKH
VDPSOH UHDFKHV WR LWVRSWLPXPRSHUDWLQJ WHPSHUDWXUH LQZKLFK WKHFKDUJHFDUULHUEHFRPHVKLJKHYHQ LQDLU$IWHU
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WKDWSRLQWZKLFKLVWKHKLJKHVWVHQVLWLYLW\RIWKHVDPSOHWKHUHGXFWLRQLQVHQVLWLYLW\ZDVQRWLFHGGXHWRUHGXFWLRQLQ
UHVLVWDQFH LQ ERWK HQYLURQPHQW HLWKHU DLU RU JDV 7KLVPD\ EH H[SODLQHG E\ WKH IDFW WKDW DW KLJK WHPSHUDWXUH WKH
UHVLVWDQFHLQERWKDLUDQGHWKDQROUHGXFHGGXHWRKLJKHUQXPEHURIDYDLODEOHFKDUJHFDUULHU

)LJ9DULDWLRQRIVHQVLWLYLW\ZLWKWHPSHUDWXUHDWSSPHWKDQRO
)LJ  VKRZV WKH UHSHDWDELOLW\ RI =Q2 QDQRSRURXV VWUXFWXUH E\ VKRZLQJ PXOWLSOH H[SRVXUHV WR D  SSP
FRQFHQWUDWLRQRIHWKDQRO7KHUHVLVWDQFHZDV0ȍLQDLUWKHQLWUHGXFHGWRORZHVWYDOXHE\LQWURGXFLQJHWKDQRO
LQWRWKHFKDPEHU,QWKLVWHVWWKHVDPSOHZDVH[SRVHGWRWRZGLIIHUHQWHQYLURQPHQWVQDPHO\DLUDQGHWKDQROZKLFK
ZHUHDOWHUQDWHO\FKDQJHGIRUVHYHUDOWLPHV,QHDFKHQYLURQPHQWWKHH[SRVXUHZDVNHSWXQWLOQRVLJQLILFDQWFKDQJH
LQUHVLVWDQFHZDVGHWHFWHG*RRGUHSHDWDELOLW\RIWKHVHQVRUFDQEHVHHQIURPVWDEOHEDVHOLQH)URPWKHSURILOHRIWKH
UHVSRQVHFXUYHLWZDVREVHUYHGWKDWWKHUHVLVWDQFHGHFUHDVHUHPDUNDEO\IDVWZLWKWKHLQWURGXFWLRQRIHWKDQROEHIRUH
VDWXUDWHG RQFH WKH HWKDQRO UHDFKHG LWV PD[LPXP FRQFHQWUDWLRQ &XWWLQJ RII WKH HWKDQRO VXSSO\ UHVXOWHG LQ IDVW
LQFUHPHQW RI WKH UHVLVWDQFH WRZDUGV WKH LQLWLDO YDOXH 7KH HQKDQFHPHQW LQ JDV VHQVLQJ SHUIRUPDQFH FRXOG EH
DWWULEXWHGWRWKHKLJKVXUIDFHSRURVLW\ZKLFKSURPRWHGHDV\DQGGHHSGLIIXVLRQRIWDUJHWJDVLQWRWKHVWUXFWXUH

)LJ7KHUHSHDWDELOLW\RI=Q2QDQRSRURXVVWUXFWXUHLQSUHVHQFHRISSPHWKDQRODW&DVRSHUDWLQJWHPSHUDWXUH
&RQFOXVLRQV
=Q2QDQRSRURXV VWUXFWXUHVKDYHEHHQ V\QWKHVL]HGE\PLFURZDYHPHWKRG7KH;5'UHVXOWV UHYHDOHG WKDWSXUH
=Q2ZDVVXFFHVVIXOO\REWDLQHG7KH)(6(0PLFURJUDSKVKRZHGWKHH[LVWHQFHRIQDQRSRURXVVWUXFWXUHZLWK
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